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Permanent cardiac pacing is a widely applied procedure in invasive cardiology.
The aim of our study was the analysis of the localisation of the tip of the pace-
maker lead and its course in the right ventricle. Research was carried out on
a group of 12 patients (5F, 7M), from 40 to 93 years of age (average 70–15 yrs)
with permanent cardiac pacing or implantable cardioverter-defibrillator (ICD).
Subsequent echocardiographic views were applied: an apical four chamber view,
a subcostal one and a parasternal right ventricular inflow tract view.
At the level of the tricuspid annulus the electrode was positioned: the anterior
leaflet  41.7% (5 pts), the anteroseptal commissure 25% (3 pts), the posterior
leaflet 8.3% (1 pt) and the septal one  8.3% (1 pt). In 16.7% (2 patients) the lead
was positioned centrally in the right atrioventricular orifice. Regarding the further
positioning of the electrode in the ventricle, in 41.7% (5 pts) the leads were placed
along the interventricular septum, in 16.7% (2 pts) along the anterior wall of right
ventricle and in 41.7% (5 pts) across the centre of the right ventricle. The tip of the
lead was positioned in the apex of the right ventricle in 83.4% (10 pts). In the
remaining 16.7% (2 pts) the position was not apical  in 1 patient the anterior
wall of the right ventricle and in 1 patient the interventricular septum. In the VVI
pacing mode the electrode did not lie on the interventricular septum. In contrast
to this in 80% of patients (4 pts) having the DDD pacing mode the lead was
situated on the interventricular septum on its course downwards to the ventricle.
Conclusions: 1) On the level of the leaflets of the tricuspid valve the lead most
often was positioned at the level of the anterior leaflet and the anteroseptal
commissure. 2) Most patients had an apical localisation of the tip of the lead.
3) Differences between morphological and echocardiographic studies are relat-
ed to the intravital and the two-dimensional character of echocardiography, and
probably to the small population of the group examined.
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INTRODUCTION
Permanent cardiac pacing is a widely applied proce-
dure in invasive cardiology. Indications of pacing in-
clude not only conduction disturbances with synco-
pe but also atrial tachyarrhythmias or haemodynamic
disturbances in the course of hypertrophic or dilata-
tive cardiomyopathies [17]. Many new techniques
of implantation are used as a consequence of such
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different indications of pacing. The most widespread
place of implantation is the right cardiac auricle for
the atrial pacing and the apex of the right ventricle
for the ventricular one [3]. Electrophysiologists are
searching for more optimal places of stimulation.
Possible suggestions include the right ventricular
outflow tract [2,16], the coronary sinus (pacing of
the left atrium) [5], or coronary veins (pacing of the
left ventricle) [1]. The main criterion of proper local-
isation of the lead is a chest X-ray although the pa-
rameters of pacing play an important role too [3].
As results from morphological studies [8,9] the prop-
er place of pacing is covered by intentional localisa-
tion of the lead in 50% of cases. Therefore the aim
of our study was the analysis of the localisation of
the tip of the pacemaker lead and its course in the
right ventricle in relation to the tricuspid valve leaf-
lets and the right ventricular walls in echocardio-
graphical studies.
MATERIAL AND METHODS
Research was carried out on a group of 12 patients
(5F, 7M), from 40 to 93 years of age (average 70 –
–15 yrs) with permanent cardiac pacing or implant-
able cardioverter-defibrillator (ICD). Six (50%) pa-
tients had single-chamber ventricular pacemaker -
the lead was positioned in the right ventricle (pac-
ing modes: VVI  5 pts, VDD  1pt), four (33.33%)
dual chamber pacemaker  two electrodes were po-
sitioned in the right atrium and the right ventricle
respectively (pacing mode DDD) and two (16.67%)
patients ICD  a single electrode was positioned in
the right ventricle. The average time from implanta-
tion was 30–41 months (1123 months). The main
indication for pacing was II or III degree of atrioven-
tricular block  4 patients, additionally sick sinus
syndrome (3 pts), chronic atrial fibrillation  (2 pts)
and cardiodepressive type of vasovagal syncope
(1 pt). Two patients with symptomatic, recurrent ven-
tricular tachycardia were implanted with travns-
venous cardioverter-defibrillator. In order to obtain
the position of the electrode in the right ventricle
we used two-dimensional (2-D) echocardiography
(Sonos 2000, Hewlett Packard) in the following
echocardiographic views: an apical four chamber
view, a subcostal one and a parasternal right ven-
tricular inflow tract view. We looked at the course of
the electrode at the level of the tricuspid ring, the
inferior part of the ventricle and the possible reac-
tion of the cardiovascular system to the electrode.
We judged the direct location of the lead as result-
ing from the above views relating to echocardio-
graphic anatomy rules [18]. The results of echocar-
diography were recorded using printer in Sonos 2000
equipment.
RESULTS
In 41.7% of examined patients (5 pts) the pacing
leads were positioned at the level of the anterior leaf-
let of the tricuspid valve (Fig. 1), in 25% (3 pts) just
over the anteroseptal commissure, in 8.3% (1 pt) at
the level of the posterior leaflet of the tricuspid valve
(Fig. 2) and finally in 8.3% (1 pt.) at the septal level.
In 16.7% of the cases (2 pts) the lead was positioned
centrally in the right atrioventricular orifice without
adherence to any leaflets (Fig. 3).
Regarding the further positioning of the electrode
in the ventricle, we confirmed that in 41.7% of the
patients (5 pts) the leads were placed along the in-
terventricular septum; at the horizontal plane of the
interventricular septum the lead was near the pos-
terior part of the septum e.g. the angle between the
septal and the posterior walls in 4 patients. In the
remaining patients the electrode was lying along the
anterior wall of the right ventricle in 16.7% (2 pts)
and in 41.7% (5 pts) it ran just across the centre of
the right ventricle. In the latter group of patients
the course of the lead was not homogenous. In all
patients from this group the lead was located cen-
trally in the cavity of the right ventricle in the proxi-
mal part of the right ventricle (from leaflets of the
tricuspid valve to half of the length of the right ven-
tricle). In the distal part of one in 40% of cases
(2 pts) it turned to the interventricular septum, in
20% (1 pt)  to the anterior wall of the right ventri-
cle, and in 40% (2 pts) it was further positioned cen-
trally in the right ventricle to its apex.
The tip of the lead was positioned exactly in the
apex of the right ventricle in 83.4% of examined pa-
tients (10 pts) (Fig. 4). In the remaining 16.7% (2 pts)
the position was not apical. In 1 patient we found it
on the anterior wall of the right ventricle (Fig. 5) and
in 1 patient on the interventricular septum. There is
no correlation between the position of the lead and
the pacing mode (VVI v. DDD/VDD). However we stat-
ed that in the VVI pacing mode the electrode did not
lie on the interventricular septum. In one patient only
the distal portion of the lead was situated on the in-
terventricular septum. In contrast to this in 80% of
patients (4 pts) having the DDD pacing mode the lead
was situated on the interventricular septum on its
course downwards to the ventricle.
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DISCUSSION
Implantation of pacemakers is a commonly used ther-
apeutic procedure in clinical cardiology. Implanta-
tion of the electrode takes place under the control
of an X-ray and the electrophysiologic parameters
of pacing [3]. In our study we decided to use two-
dimensional echocardiography in order to view the
course of the electrode in relation to the structures
of the right ventricle. Echocardiography is a tech-
nique often used to assess the position of catheter
in invasive cardiology for example in electrophysio-
logic studies [12] or in endomyocardial biopsies [14].
In the assessment of the position of the pacemaker
lead the X-ray plays the most important role undoubt-
edly. However, there are clinical situations where
echocardiography is a more effective procedure than
Figure 1. The apical four chamber view. The electrode positions
at the level of the anterior leaflet of the tricuspid valve. Black ar-
row  the lead, white arrow  the anterior leaflet.
Figure 2. The parasternal right ventricular inflow tract view. The
electrode positions at the level of the posterior leaflet of the tricuspid
valve. White arrow  the lead, black arrow  the posterior leaflet.
Figure 3. The apical four chamber view. The electrodes is placed
between the anterior and septal leaflets of the tricuspid valve.
Arrow  the electrode.
Figure 4. The apical four chamber view. The tip of the lead is
positioned exactly in the apex of the right ventricle. Arrow  the
tip of the electrode.
Figure 5. The subcostal view. The tip is located above the apex
of the right ventricle, on the anterior wall of the right ventricle.
White arrow  the apex of the right ventricle, black arrow
 the tip of the lead.
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X-ray examination e.g. in aberrantly placed trans-
venous leads [15] or in pacing in the emergency ward
[7]. In special situations such as pregnancy it is the
only possible control of the localisation of the lead
[12]. Meier et al. stated that by using an echocardio-
graphic examination it was possible to show the elec-
trode in 85% as opposed to 100% in fluoroscopy
[13]. In the light of our study the assessment of the
three echocardiographic views allowed us to moni-
tor the course of the lead in the right ventricle in all
patients. In literature the subcostal echocardiograph-
ic view is highly recommended in the assessment of
the localisation of the electrode [6]. Additionally we
used the apical four-chamber view and parasternal
right ventricular inflow tract view.
In morphological studies which assessed the lo-
calisation of the electrode [8,9,11] the findings refer-
ring to the level of the leaflets of the tricuspid valve
differed from our. Most often, in our study, the elec-
trode was positioned at the level of the anterior leaf-
let of the tricuspid valve and along the antero-septal
commissure. Such a position of the lead in morpho-
logical studies appeared in 3.5% of hearts studied
[11]. The location of the leads at the level of the pos-
terior and the septal leaflets occurred only in 16.7%
of cases in comparison with approximately 65% of
hearts in morphology. We did not find the localisa-
tion of the lead at the level of the posteroseptal com-
missure. A very important finding is the central posi-
tion of the electrode in the right atrioventricular ori-
fice in 16.7% of patients without adherence to any
leaflets. Those locations did not occur in the morpho-
logical studies which is certainly related to the intrav-
ital character of the echocardiographical examination.
Further course of the lead, below the level of the
tricuspid ring was variable. In 41.7% of patients the
electrode runs along the interventricular septum, with
location of the lead at the posterior part of the inter-
ventricular septum in 4 patients (80%) at the hori-
zontal plane. In the remaining 41.7% the electrode
was positioned in the centre of the right ventricle and
in 16.7% along the anterior wall of the right ventri-
cle. This is partly concordant with morphological re-
search [8,9] where in the horizontal plane the elec-
trode was positioned in the region of the posterior
wall in approximately 60% of hearts. In those cases
where the lead runs in the right ventricle centrally its
distal course was not homogenous  only in 40% of
cases the full course of the lead run in the centre of
the right ventricle. In further 40% of cases the elec-
trode ran along the interventricular septum and in
20% on the anterior wall. These findings are proba-
bly related to electrodes curves in right ventricle ob-
served in morphology. Those bends are related to the
neointima-inflammatory tissue ranged between the
lead and endocardium. We did not observe those re-
action in echocardiographic views.
There are differences between morphology and
echocardiography in relation to localisation of the
tip of the electrode. In our present study it was posi-
tioned exactly in the apex of the right ventricle in
83.4% of cases in comparison with 53% in morpho-
logical papers. It seems that anatomical findings are
more precise in connection with two-dimensional
character of echocardiography and small examined
population. The changes of localisation of the lead
related to autopsy examination should be ignored
due to fibrous reactions between the lead and the
endocardium [4,8,9]. In literature there are descrip-
tions of morphological changes in paced hearts de-
fined as postpacing cardiopathy [10]. The main com-
ponent of these is the dysfunction and the remodel-
ling of the interventricular septum. In our patients
we did not see changes in the structure of the inter-
ventricular septum although more precise conclu-
sions should be obtained using a larger group of
patients and in comparison with control group. In
this aspect it was emphasised that the electrode of
the pacemaker (without ICD) was connected direct-
ly (during the entire course) or indirectly (only in the
distal portion) with the interventricular septum in
50% of patients; in 80% of those patients they were
related with the DDD/VDD pacing mode, in 20%
 VVI. In literature we did not find articles about
postpacing morphological changes in correlation to
the pacing mode. It seems that the localisation of
the electrode in the interventricular septum may in-
crease the possibility of the development of post-
pacing cardiopathy. The higher occurrence of this
location of the lead in the DDD/VDD mode versus
the VVI may reveal different mechanisms in the post-
pacing cardiopathy and the pacemaker syndrome
which is related first of all to VVI pacing mode.
We concluded that:
1. On the level of the leaflets of the tricuspid valve the
lead most often was positioned at the level of the
anterior leaflet and the anteroseptal commissure.
2. Most patients had an apical localisation of the tip
of lead.
3. Differences between morphological and echocar-
diographic studies paper are related to the intra-
vital and the two-dimensional character of
echocardiography, and probably to the small pop-
ulation of the group examined.
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